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INTRODUCTION 
A healthy environment is very necessary for healthy life not only 
of human beings but also of plants and animals. However today due to 
rapid industrialization, civilization and injudicious employment of 
technological advancement, we are neglecting the pollutants that are 
entering into our environment. Pollution is one of the most horrible 
ecological problems of today. Pollution is derived from Latin word 
"pollutionum" that means to defile or make dirty. The National 
Academy of Science in 1996, defined pollution as, "Pollution is an 
undesirable change in physical, chemical or biological characteristics of 
air, water and land. All forms of pollution are equally harmful but air 
pollution is of greater concern as air is a vital source of life. 
Holdgate et al. (1982) observed that health and welfare of human 
beings are directly linked with validity and productivity of natural 
agricultural products. Plants are life-supporting system on this planet but 
air pollution is adversely affecting the entire flora .They cause visible 
symptoms as chlorosis, early senescence, necrosis, stunting etc. (Heck et 
al, 1986; Kausar, 2007; Mustabeen et al, 2007) and some especific 
injury to the particular plant (Mustabeen et al, 2008). 
Among gaseous form, Sulphur dioxide is one of the most important 
harmful type of air pollutant. Incidentally, first report on disease initiated 
by SO2 came from Cameron (1874). Since then, large number of plants 
have now been reported to be affected by SO2 (Heagle, 1973; Kausar et 
al., 2006; Khan and Khan, 1994; Singh et al., 1997). Gimeno and 
Deltoro (2000) observed the harmful effect of SO2 on cell culture and 
photosynthetic performance in liverwort, Frullaria dilata. SO2 declined 
the photosynthetic rate and reduced chlorophyll concentration in most of 
the plant species (Ali, 1998; Iqbal et al, 2000; Mustabeen et al, 2008). 
Acid rain is a common environmental pollutant now a days. Acid 
rain is a secondary type of air pollutant. When the rain passes through an 
atmosphere polluted with oxides of sulphur and nitrogen, this falling rain 
reacts with these oxides to produce often a mixture of sulphuric acid, 
nitric acid and water. This is known as acid rain. Robert Angus Smith is 
known as spiritual father of term 'acid rain'. Acid precipitation affects 
almost all living and non living things. It causes stress in agricultural 
crops i.e. increases leaching of nutrients from soil and leaves (Foster, 
1990; Heagle et al, 1983), chlorosis and necrosis of leaves (Kausar, 
2007; Mustabeen et al, 2008). The rain more acidic than pH 3.0 
can cause significant damage in almost all the species (Amthor, 1984; 
Mustabeen et ai, 2007). 
Pulses, the most important crops grown throughout the world are 
the chief source of protein particularly to the vegetarian population of 
India. In the present study an attempt was made to observe the impact of 
air pollutants (SO2 and acid rain) on two pulse crops, chickpea {Cicer 
arietinum L.) and urd (Phaseolus mungo L.). 
The study was divided into two major sections with similar 
objectives as follows: 
SECTION -1 (SO2) 
(1) Effect of different concentrations of SO2 on plant growth and yield of 
C. arietinum and P. mungo. 
(2) Effect of different concentrations of SO2 on photosynthetic pigments 
of C. arietinum and P. mungo. 
SECTION - II (ACID RAIN) 
(1) Effects of different levels of simulated acid rain on plant growth and 
yield of C. arietinum and P. mungo. 
(2) Effects of different levels of simulated acid rain on photosynthetic 
pigments of C. arietinum and P. mungo. 
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LITERATURE REVIEW 
Environment encompasses all substances, forces and conditions 
external to the organism; affecting all form of life and constitutes a 
multi-dimensional system of complex relationships in a continuing state 
of change (Iqbal et al, 2000). Today the environment is being polluted 
by both natural as well as anthropogenic stress factors. The man made 
stresses have an adverse effect on the growth and development of living 
beings. Uncontrolled mechanization, over-exploitation of natural 
resources, deforestation and extensive use of chemical fertilizers and 
pesticides have brought about many changes in ditferent components of 
the environment. This change is causing pollution that has an adverse 
affect on the growth and development of living beings. Plants are also 
adversely affected by such pollutants. But in the blind race of progress 
and development, we are neglecting the darker side of this development 
which is challenging to our existence. The need of today is to protect our 
environment. Proper management of pollutant is the only way to ensure 
sustained development of the society. Therefore, it is essential to make 
the masses aware of the changes in the quality of our environment and 
strategies to prevent the situation from worsening further (Dhaliwal 
e/o/., 2000). 
AIR POLLUTION 
Today, air pollution is one of the most serious problems to all 
living organisms. Air pollution is the modification of the natural 
characteristics of the atmosphere by a chemicals, particulate matters, or 
biological agents. The atmosphere is a complex, dynamic natural 
gaseous system that is essential to support life on planet. World wide air 
pollution is responsible for large numbers of deaths and cases of 
respiratory diseases, while major stationary sources are often identified 
with air pollution, the greatest sources of emission is actually mobile 
sources, mainly automobiles. Gases such as CO2 which contribute to 
global warming, have recently been recognized as pollutants by climate 
scientists, while they also recognize that CO2 is essential for plant life 
through photosynthesis. 
AIR POLLUTANTS 
The agents that cause air pollution are called air pollutants. There 
are numerous sources of air pollutants in nature depending upon local 
factors. Air pollutants can be grouped into two (1) Primary air pollutants 
and (2) Secondary air pollutants. The primary air pollutants are those. 
which are originated directly from the sources e.g. CO2, SO2, HF, NH3, 
CO, NOx, etc. and dust of any kind. Secondary air pollutants are those, 
which result due to the reactions with primary air pollutants into 
atmosphere i.e. PAN (Peroxy acetyl nitrate), O3, acid rain and mixture of 
gases. 
E F F E C T O F AIR P O L L U T A N T S 
Ecological researches strongly suggest that air pollutants, many of 
which are distributed world wide are adversely affecting biota and 
ecosystems (Khan et al., 1991; Schrieber and Newman, 1988; 
Woodwell, 1970). In 1976, the Environmental Protection Agency (EPA) 
in U.S.A. estimated that annual losses to agriculture production caused 
by polluted air were around 2.9 billion dollars. Both in artificial and 
natural conditions, the mixture of air pollutants or any one of therr 
singly have caused substantial yield losses in several crop plants 
(Raghav and Khan, 2002; Singh, 1989). It has been observed by various 
workers (Agarwal and Verma, 1997; Khan and Khan, 1993; Khan et al, 
1996) that gaseous pollutants are more harmful to the plants, which 
reduced the root and shoot growth, number and area of leaves, biomass 
and number of grain per plant. Ozone in ambient conditions has been 
found responsible for 85% reduction in fruit size and 50% reduction in 
yield at 0.1 ppm (Oshima et al., 1997). NO2 causes bleaching, necrotic 
lesions and defoliation of plants at 2-3 ppm (Agrios, 1978). The dusts of 
ceramic, cement and pesticides have also adversely affected to crop 
plants (Darley, 1966; Raghav, 2006). However, fly ash has both adverse 
and beneficial effects on crop plants. It was beneficial for growth and 
yield of plant at lower levels and harmful at higher levels when amended 
with soil. (Khan and Khan, 1996; Khan et al., 1997; Raghav and Khan, 
2002; Raghav, 2006; Singh etal., 1994; Upadhyay, 2004). 
SULPHUR DIOXIDE 
Sulphur dioxide is an important primary gaseous air pollutant, 
referred to as "London smog" in the recent past (Wood, 1968). It is 
emitted from the combustion of coal; production, refining and utilization 
of petroleum and natural gas; utilization and manufacturing of sulphuric 
acid and sulphur and smelting and refining cf ores. In India, the SO2 
emission is due to the thermal power plants as they are coal based. It is 
quite prevalent in and around the sources (Gupta et al., 1993; Kumar and 
Singh, 1985). 
EFFECT OF SO2 
Sulphur dioxide causes many visible symptoms on plants like 
yellowing, chlorosis and browning of leaf surface. Intercostal area or 
margins of leaves become necrotic and in some plants red, brown or 
black lesions appear on leaves (Barrett and Benedict, 1970). Sulphur 
dioxide penetrates the more delicate inner structure of the leaves and 
affects photosynthesis of the plant (Carlson, 1983; Heck et al., 1986). 
SO2 also induces premature senescence of flowers and fruits and 
suppression of fruit setting (Linzon, 1978; Thompson et al., 1984; Khan 
and Khan, 1-993). Several investigators (Lockyer and Cowling, 1981; 
Kausar e^a/., 2006; Laurence, 1970; LosiQin et al, 1983; Mejstrik, 1980; 
Mishra, 1980; Mustabeen et al, 2007; Mustabeen et al, 2008; Panday 
and Rao, 1978; Saxe 1983) observed that SO2 has an adverse effect on 
the plants like sunflower, wheat, alfalfa, cucumber, ground nut, maize, 
coriander, snap bean, soybean, tobacco, tomato, etc. 
Sprugel et al (1980) found significant reduction in yield of 
soybean due to loss in both seed weight and number of seeds produced 
by plants when exposed to SO2. Singh and Singh (1990) observed the 
visible injuries in the form of chlorosis and necrosis in Vigna mungo 
when fumigated by SO2 and the injuries were proportional to SO2 
concentration. Kausar et al (2006) exposed five wheat varieties to 0.2 
ppm of SO2 and found that plant growth and yield parameters were 
suppressed greatly with different concentrations of SO2. Reduction in 
growth and yield has also been observed in sunflower by SO2 
(Mustabeen, et al, 2007). 
Legumes and solanaceous vegetables have been extensively tested 
against SO2. Miller et al. (1979) found that foliage of many cultivars of 
soybean was sensitive to SO2. Lostein et al. (1983) did not observe any 
effect of 0.12 ppm SO2 on tomato yield. Dodd and Dolley (1998) 
reported that reduction in leaf area and shoot growth in cucumber when 
seedlings were exposed to 0.1, 0.2 and 0.5 ppm SO2 for 8h/day. 
Mustabeen et al. (2007) observed that different concentrations of SO2 
(0.1, 0.2, and 0.05 ppm) were found harmful to coriander crop and SO2 
caused reduction in plant growth (length, fresh weight, dry weight of 
shoot and root; no of leaves / plant) and yield parameters as number of 
flowers and seeds / plant. 
ACID RAIN 
Acid rain is rain or any other form of precipitation that is unusually 
acidic. According to Cowling (1982) the phenomenon of rain fall 
acidification by pollutant emission was recognized by Hales as early as 
1757 in England and its effects were first examined by Robert Angus 
Smith in 1870s. He wrote a book entitled, "The Beginning of Chemical 
Climatology" which gave all details about acid rain. However, modern 
attention to acid rain began in 1948 (Oden, 1968). Oden (1968) 
advocated that in high humid conditions SO2 and NO2 react and fall on 
ground in the form of'acidrain'. 
There are many chemical and photochemical reactions occurred in 
the atmosphere during the formation of acid rain. 
Formation of H2SO4 
SO2 "^""g*^ ' , SO + 0 
502 + 0 
503 + H20 
•> S03 
•> H2S04 
(Photochemical reaction) 
(Chemical reaction) 
(Sulphuric acid) 
Formation of HNO3 
NO2 "^""g*^ ' , NO + 0 
NO2 + O 
NO3 + NO2 
N2O5 + H2O 
-• NO3 
-> N2O5 
(Photochemical reaction) 
(Nitrogen trioxide) 
(Nitrogen pentaoxide) 
•> 2HNO3 (Nitre acid) 
Acid rain is a common environmental pollutant now a days. It is 
dangerous and wide spread form of pollution which adversely affects the 
crops. The acid rain problem has increased due to rapid industrialization. 
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Approximately 70% of the acids derive from oxidation and hydrolysis of 
sulfUr dioxide and hydrogen sulfide and 30% from various nitrous 
oxides and other compounds. Acid rain is a global ecological problem 
due to its aerosol nature, SO2 and nitrogen oxide (NOx) travel long 
distances and thus acid rain is transported from one place to another or 
from one country to another with wind and precipitated out. 
Effects of Acid Rain 
Heck et at. (1986) recognized that herbaceous plants are more 
sensitive to direct injury by acid rain than woody plants. The mosi 
striking effect on vegetation was reported on peatmoss {Sphagnum), an 
aquatic plant. Wang et al. (1997) observed that acid rain caused 
reductions in growth and symbiotic N2-fixation in soybeans. Acid rain 
also affected the fruit quality, weight as well as storage life in peach and 
pear (Lu et al, 1998). Feng et al. (2002) reported that vegetables were 
more sensitive to acid deposition than food stuff crops. Agarwal et al. 
(2005) observed that all parameters of plant growth, yield and 
photosynthetic pigments of mustard crop were adversely affected by the 
simulated acid rain treatments and similar results were also observed on 
radish crop by Varshney et al. (2005) and on green pepper by Shripal 
et al. (2000). Kausar et al. (2005) observed that all growth, yield 
and chlorophyll pigments of potato were adversely affected by the 
application of SAR and found that pH 3.0 was highly harmful. Recently 
Mustabeen et al. (2007) observed that different levels of SAR (pH 3.0, 
4.0 and 5.0) were harmful to plant growth (length, fresh weight, dry 
weight of shoot and root; no of leaves / plant) and yield ( number of 
flowers and seeds / plant) of coriander crop. 
Chickpea (Cicer arietiniim L.) 
Chickpea {Cicer arietinum L.) an annual herb belongs to the family 
Fabaceae. It is an erect or spreading much branched herb, 30-50 cm in 
height covered all over with glandular hairs, which are rich in oxalic acid 
and malic acid that impart a sour taste of leaves and fruits. Leaves 
pinnately compound, leaflets 9-17, opposite or alternate, stipulate, 
strongly veined; flowers papilionaceous, white to various shades of pink 
or blue; pods one or two seeded; seeds attached to ventral suture. 
Chickpea, commonly known as gram (in India) is extensively 
cultivated as a winter crop throughout the country especially in northern 
states. According to rough estimates gram cultivation is about 7,000 
years old and its centre of diversity is in western Asia. In India, the 
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earliest record dates from 4,000 B.C. at Atranjikhera in Uttar Pradesh. 
The gram is the most important among the pulse crops and accounting 
for more than one third of the area and about 40% of the production of 
pulses in this country. 
Uses: 
Gram is a multipurpose crop and is used in more diverse 
food preparations than any other pulse. Dal, besan (flour), crushed or 
whole gram, boiled or parched, roasted or cooked, salted, unsalted or 
sweet preparations and green foliage and grains, as vegetables are the 
important forms in which it is consumed by the people. Gram is an 
important source of dietary protein, B-group vitamins and certain 
minerals extensively used as a protein adjunct to starchy diet. 
Germinated seeds are recommended to cure scurvy. Malic and oxalic 
acids collected from green leaves are prescribed for intestinal disorders. 
Soaked seeds and husk are fed to horses and cattle. 
In Egypt, gram is used to gain weight. It is also used as remedy for 
headache, sore throat and cough. Boiled seeds are used in pulmonary, 
uterine and anal diseases. Gram mixed with datura is used as poultice for 
oedema and for toothache. Powdered seeds are used as face pack, and 
also for dandruff. 
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Urd {Phaseolus mungo L.) 
Urd {Phaseolus mungo L.) also is a member of family Fabaceae. 
Plant are erect, hairy, varying in height from 30 to 90 cm, sometimes 
long and twining, cultivated as a pulse crop nearly throughout India. 
Leaves trifoliolate; leaflets entire, ovate to rhombic-ovate in outline, 
acuminate, 5-10 cm. long; flowers small, yellow on short but later 
elongating peduncles; pods cylindrical, erect or spreading, somewhat 
hairy, with long hairs and a very short, hooked beak, 3,75-4.35 cm. long; 
seeds usually 4, but may be reduced to 1 in a pod. 
Urd commonly called black gram is a native of India and has been 
cultivated as a major pulse crop in this country from ancient times. Black 
gram is grown either as early season crop, or mid-season crop, or even as 
a late-season crop. As an early season crop ii 's sown in the beginning of 
May, as a mid-season crop it is sown in June or July. 
Uses: 
Black gram is mostly consumed in the form of dal. It is also used 
in preparation of 'papad' (a kind of wafer) and 'bari' or 'barian' (spiced 
bolls of grounded cotyledons) and together with rice in preparing dosa 
and edli, popular breakfast dishes. It is cooked as a vegetable in most 
part of India. It forms the main base of some fried savoury and sweet 
14 
preparations such as vadai, jhangri, or imirti. Mung and moth, urd dais 
are fried in fat, salted, spiced and eaten as a snack. In comparison with 
the conventional sun-hemp {Crotalaria juncea), it is richer in nitrogen, 
phosphorus and potassium. Urd is much valued in medicine. It is used in 
rheumatism and diseases of the liver. In Indo-China countries, black 
gram is considered diuretic and is used in dropsy and cephalalgia. Black 
gram is a highly prized pulse, very rich in phosphoric acid. 
15 
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MATERIALS AND METHOD 
The experiments of the present study were divided into two 
sections. Similar experiments were conducted in each section. Section-I 
included the experiments with sulphur dioxide on pulse crops and 
Section-II included the experiments with acid rain on pulse crops. 
Selection of Site: 
The experiments were conducted in artificial conditions in glass 
house of Department of Botany, Aligarh Muslim University, Aligarh, 
which is situated 20 km away from the pollution site (Thermal Power 
Plant, Kasimpur). However, the concentrations of SO2 and acid rain 
were chosen as they were found in and around the Thermal Power Plant. 
Collection of Soil: 
The soil used in the experiment was collected from the unpolluted 
agriculture field from 20 cm depth after scrapping the surface of litters 
present. The collected soil was brought to the laboratory in gunny bags. 
The soil was sandy loam containing 66% sand, 24% slit, 8% clay, 2% 
organic matter and pH 7.7. 
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Preparation of Pot: 
Clay pots of 15 cm diameter were filled with 1 kg of soil mixed 
with compost manure in ratio of 3:1. Total 80 pots were prepared. These 
pots were steam sterilized in autoclave at 20 lb pressure for about 20 
minutes. 
Test Plant: 
Two pulse crops i.e. chickpea {Cicer arietinum L.) and urd 
{Phaseolus mungo L.) were selected as test plants for the experiments. 
The certified seeds of C. arietinum L. var. T-3 and P. mungo L. var. T-9 
were procured from Pulse Research Institute, Kanpur, U.P. 
SECTION - 1 (SO2) 
In this section, the experiments were conducted to observe the 
effect of SO2 on plant growth, yield and photosynthetic pigments o." 
chickpea (C. arietinum) and urd {P. mungo). 
Generation ofSOj Gas: 
Sulphur dioxide gas was generated by SO2 generator through the 
reaction of sodium sulphite (Na2S03) and 10% sulphuric acid (H2SO4) 
solutions under controlled condition. The solutions of Na2S03 and 
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H2SO4 were loaded separately in reagent bottles and mounted over the 
SO2 generator. The amount was predetermined by collecting the solution 
through capillary tube in a graduated cylinder for a known period of 
time. The rate in ml per minute was thus regulated for a desired 
concentration of SO2. On the basis of flow rate or solution feeding rate, 
the solutions of Na2S03 and H2SO4 (10%) were prepared to produce 
required amount of SO2 inside the flimigatioii chamber. It is known that 
on complete reaction of 1 M Na2S03 produces IM SO2 or 126 mg of 
NajSOs with 10% H2SO4 produces 64 mg of SO2. 
Na2S03 + H2S04 • SOst + Na2S04 + HsOj 
(126 mg) (98mg) (64mg) (142mg) (18mg) 
The amount of Na2S03 was taken according to the concentration 
needed. The outlet (0.4 mm in diam.) of SO2 generator was connected to 
the fumigation chamber by the PVC pipe. 
Fumigation Chamber: 
For exposing the plants, a fumigation chamber (standard appliance, 
Varanasi model) of 90 x 90 x 120 cm dimension made up of transparent 
glass fibre sheet, equipped with a full sized movable door and an exhaust 
duct at the top of the chamber to carry out the air was used. The bottom 
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of chamber is double walled. The bottom plate of the chamber wai> 
perforated in the form of orifices and nozzles provided smooth flow of 
gas into the chamber. An electric blower at the bottom maintained air 
intake and circulation in the chamber. Voltage supply of the blower 
assembly was maintained by voltage stabilizer to maintain air flow rate 
2.0±0.013 m s . The air flow was measured by an electric anemometer. 
By calibrating, the standard value was determined and from this value 
different concentrations (i.e. 0.05, 0.1 and 0.2 ppm) of SO2 were 
prepared. 
Experiment 1: Effect of different concentrations ofSOi on 
C. arietinum var. T-3. 
In this experiment, 20 pots were used for the following treatments: 
To = 5 pots with plant only (control) 
Ti = 5 pots with plant + 0.05 ppm SO2 exposure 
T2 = 5 pots with plant + 0.1 ppm SO2 exposure 
T3 = 5 pots with plant + 0.2 ppm SO2 exposure 
Plant Culture and Treatments: 
Seeds of C. arietinum var. T-3 were surface sterilized (dipped in 
0.01% HgCl2 solution) for 15 minutes followed by three washings with 
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distilled water. Five seeds were sown in each autoclaved clay pots (Nov. 
8, 2007). After germination, seedlings were thinned to maintain single 
seedling in each pot. Each treatment was replicated five times along with 
a control set. After 10 days, plants were exposed to different doses o^ 
SO2 (0.05, 0.1 and 0.2 ppm) separately for 3 hrs twice in a week till 70 
days. After each exposure all pots were kept at glass house benches and 
arranged in complete randomized block design. The temperature was 
maintained at 23-27"C. The pots were imgated on alternate day. The 
experiments were tenninated after 80 days (Feb. 19, 2007) and plants 
were uprooted careftiUy. Roots were washed thoroughly under tap water 
to avoid soil particles and debris. Plant growth and yield were measured. 
The photosynthetic pigments (chl a, chl b, total chl a+b and carotenoids) 
were examined before maturation of crop (Just after the exposures was 
complete). 
Experiment 2: Effect of different concentrations ofS02 on 
P. mungo var. T-9. 
For this experiment, treatments, plant culturing and setting were similar 
as in experiment no. 1. The experiment was conducted in the month of 
April, 2007 and harvested in July, 2007. 
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SECTION - II (Acid Rain) 
In this section, the experiments were conducted to observe the 
effect of simulated acid rain (SAR) on plant growth, yield and 
photosynthetic pigments of C. arietinum and P. mungo. 
Preparation of Simulated Acid Rain: 
For the preparation of simulated acid rain, different pH levels (5.0, 
4.0 and 3.0 pH) were developed by mixing of IN H2SO4 and IN HNO3 
in ratio of 3:1 in distilled water. The pH was measured with the help of a 
digital pH meter. The different fresh pH levels were prepared just before 
each treatment. 
Exposure: 
Simulated acid rain was applied on plants separately according to 
treatment inside exposure chamber (90 x 90 x 120 cm) using a spray 
nozzle from the exhaust duct of the exposure chamber. The intensity of 
the rain was approximately 4 mm. After each exposure pots were 
removed and kept on glass-house benches in a randomized block design. 
The treatments were applied twice in a week till 75 days. 
Experiments: Effect of different levels of simulated acid 
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rain on C. arietinum var. T- 3. 
In this experiment, 20 pots were used for the following treatments: 
To = 5 pots with plant only (control) 
Ti = 5 pots with plant + pH 5.0 of SAR treatment 
T2 = 5 pots with plant + pH 4.0 of SAR treatment 
T3 = 5 pots with plant + pH 3.0 of SAR treatment 
Plant Culture and Treatments: 
For this experiment, plant culturing and setting of experiment was 
similar as in Experiment 1 (Section-I). Ten days old seedlings were 
showered with different doses (pH 5.0, 4.0 and 3.0) of SAR separately. 
Control set was showered with DW. Each treatment was replicated five 
times. Each replicate set was treated with required levels of SAR inside 
exposure chamber for about 4 mm rain with the help of spray nozzle 
from the exhaust duct. Treatment was given twice in a week till 75 days. 
The experiments were terminated after 80 days and plants were uprooted 
careftilly. Roots were washed thoroughly under tap water to avoid soil 
particles and debris. All parameters were studied similarly as in 
Experiment 1 (Section-I). 
Experiment 4: Effect of different levels of simulated acid 
22 
rain on P. mungo var. T-9. 
For this experiment, treatments, plant culturing and setting were 
similar as done in experiment no. 3. The experiment was conducted 
in the month of April, 2007 and harvested in June, 2007. 
OBSERVATION 
Following parameters were studied in the experiments of each 
section, 
(a) Plant Growth: 
After termination, the length, fresh and dry weights (wt.) of root 
and shoot were taken. Shoot length was determined from the point of 
emergence of the root to longest shoot apex. While, root length was 
recorded from the root emergence to the tip of longest root and both 
were measured in centimeter (cm). Fresh wt. of root and shoot were 
recorded separately on electrical balance in gram (g). The number of 
leaves and nodules per plant were also counted. For dry wt., shoots and 
roots were wrapped in blotting sheets and kept in a hot air oven at 80"C 
for 48 hrs. Later dry wt. was recorded separately. 
(b) Plant Yield: 
Number ofpods/plant and number of seeds/pod was counted. 
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Fresh weight of pods and dry weight of pods were recorded separately 
on electronic balance in gram (g). Weight of 20 dried seeds was taken in 
gram (g) on electrical balance. 
(c) Photosynthetic Pigments: 
After 60 days of sowing, photosynthetic pigments were determined 
by taking 1 g of fresh leaves and grounded in 80% acetone with the help 
of mortar and pestle. The suspension was filtered through the Whatman 
Filter Paper No. 1 into a 100 ml volumetric flask and volume was 
maintained by adding 80% acetone. Optical density (O.D.) was read at 
480 rim and 510 rjm for the estimation of carotenoids (MacLachlan and 
Zalik, 1963) and chlorophyll (chl) a and b and total chl (a+b) at 663 and 
645 rim (Machinney, 1941). These pigments were calculated according 
to the formulae given below: 
i) Chl a = 12.7(0. D. 663)-2.69 (O.D. 645) x V mg/g 
1000 xW 
ii) Chl b = 22.9 (O. D. 645) - 4.68 (O. D. 663) x V mg/g 
1000 xW 
iii) Total Chl (a + b) = 20.2 (O.D. 645) - 8.02 (O. D.663) x V mg/g 
1000 x W 
iv) Carotenoids = 7.6 (O. D. 480) - 1.49 (O. D. 510) mg/g 
Dx 1000 xW 
24 
Where, 
O.D. = Optical density / ; ^ v ^ 
D = Length ofthe light path '^  \ J/"^ . j 
\ ' > - . / / 
V = Volume of the chlorophyll solution x "^  -^----^ ^/ 
W = Fresh weight ofthe leaf 
Chi a = Chlorophyll a 
Chi b = Chloropyll b 
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RESULTS 
SECTION - 1 (SO2) 
In this section, the effects of different concentrations of SO2 on C. 
arietinum and P. mungo were studied. Plant growth, yield and 
photosynthetic pigments of both the plants were observed separately. 
C. arietinum : 
The specific symptoms - chlorosis, necrotic spots, browning of 
leaves of chickpea caused by SO2 were observed (Fig.l). In general, SO2 
caused significant reductions in plant growth (length, fresh and dry 
weights of shoot and root, number of nodules / plant) and yield (number 
of pods / plant, number of seeds / pod, fresh and dry weights of pods 
and weight of 20 seeds) as compared to control (Figs. 2, 3 and 4). All 
concentrations of SO2 were found harmful to this crop. The reductions 
caused by 0.2 ppm SO2 were greater than 0.1 ppm and 0.05 ppm. The 
reductions in above parameters were found to depend on concentration. 
As the concentration was increased, the plant growth and yield were 
decreased (Tables 1 and 2). Similarly number of leaves and 
photosynthetic pigments (chl a, chl b, total chl a+b) and carotenoids 
26 
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Fig. 1: Showing the specific symptoms of SO2 (ppm) on chickpea 
leaves. 
0.05 0.1 0.2 
Fig. 2: Showing the effect of SO2 (ppm) on plant growth of chickpea. 
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were also reduced significantly by SO2 as compared to control (Table 3). 
P. mungo : 
The specific symptoms - yellowing and marginal burning of leaves 
of this crop caused by SO2 were observed (Fig.5). In general, SO2 caused 
significant reductions in plant growth (length, fresh and dry weights of 
shoot and root, number of nodules / plant) and yield (number of pods / 
plant, number of seeds / pod, fresh and dry weights of pods and weight 
of 20 seeds) as compared to control (Figs. 6, 7 and 8). All concentrations 
of SO2 were found harmful to this crop. The reductions caused by 0.2 
ppm SO2 were greater than 0.1 ppm and 0.05 ppm. The reductions in 
above parameters were depend on concentration. As concentration was 
increased, the plant growth and yield were decreased (Tables 4 and 5). 
Similarly number of leaves and photosynthetic pigments (chl a, chl 
b, total chl a+b) and carotenoids were also reduced significantly by SO2 
as compared to control (Table 6). 
SECTION-II (Acid Rain) 
In this section, the effects of different levels of acid rain on 
C. arietinum and P. mungo were studied. Plant growth, yield and 
photosynthetic pigments of both the plants were observed separately. 
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Fig. 6: Showing the effect of SO2 (ppm) on plant growth of urd. 
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C. arietinum: 
Acute symptoms like injuries on the apex, necrotic lesions over the 
surface of whole lamina and marginal necrosis were seen after 4"^  
spraying in pH 3.0 treatment (Fig. 9). In general, acid rain caused 
significant reduction in plant growth (length, fresh and dry weights of 
shoot and root, number of nodules / plant) and yield (number of pods / 
plant, number of seeds / pod, fresh and dry weights of pods and weight 
of 20 seeds) as compared to control (Tables 7 and 8). All levels of acid 
rain were found harmful to this crop. The reductions caused by pH 3.0 
acid rain on plants were greater than pH 4.0 and pH 5.0 (Figs. 10, 11 and 
12). 
Similarly number of leaves and photosynthetic pigments (chl a, chl 
b, total chl a+b) and carotenoids of chickpea were also reduced 
significantly by acid rain (Table 9). As levels of pH were increased, there 
was corresponding decrease in pigments concentration. Thus, all the 
above parameters were adversely affected with respect to acid rain levels 
(pH 5.0, 4.0 and 3.0). 
P. mungo : 
Acute symptoms like yellowing, injuries on the apex, necrotic 
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Fig. 9: Showing the specific symptoms of acid rain (pH) on chickpea 
leaves. 
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Fig. 10: Showing the effect of acid rain (pH) on plant growth of 
chickpea. 
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Fig. 12: Showing the effect of acid rain (pH) on root length and 
nodulation of chickpea. 
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lesions over the surface of leaves and marginal necrosis were seen after 
4"^  spraying in pH 3.0 treatment (Fig. 13). In general, acid rain caused 
significant reduction in plant growth (length, fresh and dry weights of 
shoot and root, number of nodules / plant) and yield (number of pods / 
plant, number of seeds / pod, fresh and dry weights of pods and weight 
of 20 seeds) as compared to control (Tables 10 and 11). All levels of 
acid rain were found harmful to this crop. The reductions caused by pH 
3.0 acid rain were greater than pH 4.0 and pH 5.0 in plants (Figs. 14, 15 
and 16). 
Similarly number of leaves and photosynthetic pigments (chl a, chl 
b, total chl a+b) and carotenoids of chickpea were also reduced 
significantly by acid rain (Table 12). As levels of pH were increased, 
there was corresponding decrease in pigments concentration. Thus all 
the above parameters were adversely affected with respect to acid rain 
levels (pH 5.0, 4.0 and 3.0). 
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Fig. 13: Showing the specific symptoms of acid rain (pH) on urd 
leaves. 
Fig. 14: Showing the effect of acid rain (pH) on plant growth of urd. 
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Fig. 15: Showing the effect of acid rain (pH) on yield of urd. 
Fig. 16: Showing the effect of acid rain (pH) on root length and 
nodulation of urd. 
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DISCUSSION 
In the present investigation, pot experiments were carried out to 
observe the impact of SO2 (0.05, 0.1 and 0.2 ppm) and simulated acid 
rain (pH 5.0, 4.0 and 3.0) on chickpea (C. arietinum) and urd {P. 
mungo). Both the pollutants were found harmful to chickpea and urd 
crops. However, the suppressive effects of the pollutants were varied. 
Bleaching, yellowing and marginal burning symptoms by SO2 and 
chlorosis, necrotic spots on lamina by acid rain were observed. Long 
ago Mudd (1975) has also recognized that sulphur dioxide was harmful 
to all plant species. It causes symptoms like chlorosis, yellowing, 
browning, necrosis and premature fall of leaves. Similar symptoms have 
also been observed on both the crops in the present study. 
SO2 adversely affected the growth and yield of both crops. 
Reduction in growth and yield have also been observed by SO2 on wheat 
(Kausar et al., 2006), tomato (Khan and Khan, 1994) and sunflower 
(Mustabeen, 2007). Actually reduction in growth and yield parameters 
was due to entry of SO2 in leaves which brought several physiological 
and biochemical changes in the metabolism. 
All the concentrations reduced the number of leaves and 
30 
photosynthetic pigments in ciiickpea and urd. Highest reduction in all 
parameters under study was found at 0.2 ppm in both plants. The adverse 
effects of sulphur dioxide on leaf chlorophyll content may be directly 
correlated with SO2 concentration. SO2 greatly reduced the 
photosynthetic rate. Thus reductions in plant growth and yield can be 
attributed to decreased synthesis of photosynthates and their low 
allocation to tissue. Kulshrestha et al. (1994) exposed six wheat varieties 
to 0.1 and 0.2 ppm of SO2 for 3 hours on alternate days for 6 weeks. 
They observed the reduction in photosynthetic pigments in all varieties 
which lead to the reduction in plant growth and yield. 
Acid rain also adversely affected the plant growth, yield and 
photosynthetic pigments of both the crops (C arietinum and P. mungo) 
in the present study. Highest reductions in all considered parameters 
were found at pH 3.0 in both plants. The adverse effects of simulated 
acid rain can be directly correlated with pH levels of the rain. Similar 
results have also been observed on tomato, green pepper, potato, 
sunflower etc. (Durson et al, 2000; Shripal et al, 2000; Kausar et al, 
2005; Mustabeen, 2007). The available reports in literature also show 
that reduction in growth and chlorophyll contents of crop plants 
generally occurs when plants are exposed to acidified rain (Shriner and 
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Johnston, 1981; Brewer and Heagle, 1983; Singh, 1989). 
SO2 was found more toxic than acid rain for both the crops. 
However, both pollutants caused more reductions on urd than chickpea. 
Thus P. mungo was found more sensitive to these pollutants. All the 
parameters like plant growth (length, fresh and dry weights of shoot and 
root, number of nodules / plant) yield (number of pods / plant, number of 
seeds / pod, fresh and dry weights of pods, 20 - seed weight) and 
photosynthetic pigments of urd {P. mungo) were greatly reduced by SO2 
followed by acid rain as compared to chickpea (C. arietinum). However, 
both pollutants i.e. SO2 and acid rain are harmful to both crops (chickpea 
and urd). 
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SUMMARY 
In the present investigation, the pot experiments were carried out to 
observe the effects of SO2 and simulated acid rain on the two pulse 
crops - chickpea (C. arietinum) var. T-3 and urd {P. mungo) var. T-9. 
Plants were exposed to different concentrations of SO2 (0.05, 0.1 and 0.2 
ppm) and simulated acid rain (pH 5.0, 4.0 and 3.0). The specific 
symptoms i.e. marginal burning, chlorosis, necrosis and bleaching were 
appeared on the leaves of both crops. Plant growth, yield and 
photosynthetic pigments were suppressed greatly in all the treatments of 
both pollutants as compared to control. The suppressions were directly 
proportional to the levels of pollutants on both plants. However, SO2 was 
found more toxic than the acid rain. The urd was found more susceptible 
than the chickpea crop to both pollutants. Thus P. mungo was greatly 
affected by both pollutants as compared to C. arietinum. 
The toxicity of the pollutant's levels can be arranged as follows: 
0.2 ppm (SO2) > 3.0 pH (SAR) > 0.1 ppm (SO2) > 4.0 pH (SAR) > 0.05 
ppm (SO2) > 5.0 pH (SAR). 
The reduction on the plants was shown as follows: 
P. mungo > C. arietinum 
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